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(54) Intermediates and process for the preparation of an antiviral agent 

(57) (1R,trans) Diprotected 3-methylene-1 ,2-cyclo- 
propanedimethanol is oxidized to an optically active diol 
intermediate which is then cyclized to an orthoesler in-, 
termediate, and then converted to the (2S-trans)diprc- 



tected 2,3-bis(hydroxymethyl)cyclobutanone. This cy- 
clobutanone is useful as an intermediate in the prepa- 
ration of the antiviral agent [1R-(1a,2p\3a)]-2-amino-9- 
[2,3-bis(hydroxymethyl)cyclobutyl]-1,9-dihydro-6H-pu- 
rin-6-one. 
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Description 

This invention is directed to an improved process tor converting the optically active compound of the formula 



CH 2 
II 




s% j c X 

Ri-OHjC^ H * CHjO-Ri 



to the optically active cyclobutanone of the formula 
(IV) 



Rl-OHjC^ 

C C= 




Ri-OHjC^^H ^ % CH 2 0-R! 



A suitable oxidizing reagent for this reaction is osmium tetroxide. 

In the next step of the process of this invention, the diol of formula II is converted to the cyclic orthoester of tr 
so formula 



ss 



2 
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(III) 



OR 3 



R 4 — I 




0 




0^ CH 2 



Rl-OH 2 C 1 



'CH2O-R1 



This conversion is performed by treating the diol of formula II with a trimethyl or triethyl orthoester in the presence of 
a weak acid catalyst. 

The cyclic orthoester of formula III is then converted to the optically active cyclobutanone of formula IV by treating 
with a Lewis acid catalyst. 

R, in the above formulas is a hydroxy protecting group. Suitable hydroxy protecting groups include silyl groups 
such as t-butyldimethylsilyl, t-butyldiphenylsilyl, (triphenylmethyl)dimethylsilyl, methyldiisopropylsilyl, and triisopropyls- 
ilyl, benzyl and substituted benzyl grous such as p-methoxybenzyl, triphenylmethyl and substituted triphenylmethyl 
groups such as 4-methoxy substituted triphenylmethyl and 4,4-dimethylsubstituted triphenylmethyl, and acyl groups 
of the formula 



wherein Rj is straight or branched chain alkyl of 1 to 6 carbons or phenyl. 
R 3 is methyl or ethyl. 

R4 is straight or branched chain alkyl of 1 to 6 carbons or phenyl. 

This invention is also directed to the novel intermediates of formulas II and III shown above. 

According to the process of this invention a solution of the diprotected resolved compound of formula I in an organic 
solvent is treated with a oxidizing agent to give the diol of formula II. The preferred oxidizing agent is osmium tetroxide 
employed in an aqueous solution. Suitable organic solvents for the diprotected resolved compound of formula I include 
acetone, which is preferred, ethyl acetate, dichloromethane, etc. 

Preferred features of the process will now be described. The osmium tetroxide may be employed in catalytic 
amounts by including a cooxidant in the reaction mixture to regenerate the spent osmium tetroxide. 4-Methylmorpholine 
N-oxide is the preferred cooxidant. When the cooxidant is employed, the osmium tetroxide is utilized in an aqueous 
solution containing from about 0.2 mole percent to about 0.8 mole percent, preferably about 0.5 mole percent. 

The reaction of diprotected resolved compound of formula I to the diol of formula II may be performed at room 
temperature. 

In the next step of the process of this invention, the diol of formula II is converted to the spiro compound of formula 
III. A solution of the diol of formula II in an organic solvent such toluene, which is preferred, benzene, etc. . may be 
treated with a trimethyl or triethyl orthoester of the formula 



such as trimethyl orthoacetate, which is preferred, trimethyl orthobenzoate, trimethyl orthobutyrate, triethyl orthoace- 
tate, triethyl orthopropionate, trimethyl orthovalerate, etc. Preferably, the reaction is performed in the presence of a 
weak acid catalyst such as pyridium p-toluenesulfonate. 

The reaction of the diol of formula II to the spiro compound of formula III may be performed at room temperature 



Fy c -(° R 3 ) 3 
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preferably under an inert atmosphere. 

In the next step of the process of this invention, the spiro compound of formula III is converted to the optically 
active diprotected cyclobutanone of formula IV. A solution of the spiro compound of formula III in an organic solvent 
such as toluene, ethylacetate, or dichloromethane, which is preferred, may be treated with a Lewis acid catalyst. 

Suitable Lewis acid catalysts for this reaction include boron trifluoride etherate, which is preferred, trimethylsilyl 
trifluoromethanesulfonate, boron trichloride, boron tribromide. diethylaluminum chloride, ethylaluminum dichloride, alu- 
minum trichloride, titanium tetrachoride, tin tetrachloride, tin trichloride, etc. 

The reaction of the spiro compound of formula III and the Lewis acid catalyst may be performed at low temperatures, 
preferably at about 0°C. The spiro compound of formula III can be utilized in crude form. The resulting diprotected 
optically active cyclobutanone product of formula IV may be purified by conventional techniques following completion 
of the reaction. 

The diprotected dimethanol compound of formula j may be prepared by treating (1 R-trans)-3-methylene-1 ,2-cy- 
clopropanedimethanol with a protecting agent such as a chloride of the formula 



(V) R,-CI 

when R n is benzyl, substituted benzyl, triphenylmethyl, substituted triphenylmethyl, a hindered silyl, or an acyl group 
of the formula 



(VI) 

0 

R 2 C f 



or by treating with an anhydride of the formula 



(VII) 

( R '-\° ■ 

The preferred R, protecting group in the compound of formula I is benzoyl which may be prepared by reacting 
(1R-trans)-3-methylene-1,2-cyclopropane-dimethanol with benzoic anhydride as described in Example 1(c) of U S 
Patent 5,185,463. 

The optically active cyclobutanone of formula IV can be converted to the antiviral agent [1 R-{1 ct,2p,3a)]-2-amino- 
9-[2,3-bis(hydroxymethyl)-cyclobutyl]-1 ,9-dihydro-6H-purin-6-one by known methods. 

As taught by Bisacchi et al. in U.S. Patent 5,064,961 and Singh et al. in European Patent Application 572,209, the 
optically active cyclobutanone of formula IV can be treated with a reducing agent to give the optically active cyclobutanol 
of the formula 



(VIII) 

H 2 
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Suitable reducing reagents include hydride reagents such as lithium tri-sec-butylborohydride, lithium trisianylborohy- 
dride, diisobutylaluminum hydride and the like, hindered borane reducing agents such as dicyclohexylborane, disiamyl- 
borane, and the like, dialkylaluminum chlorides such as diisobutylaluminum chloride, alkylaluminum dichlorides such 
as isobutylaluminum dichloride, trialkylaluminum compounds such as triisolbutylaluminum and iridium tetrachloride in 
the presence of phosphorous acid. 

The optically active cyclobutanol ot formula VIII may then be converted to the optically active compound of the 
formula 



(IX) 

H 2 




4 X 

H CHjO-Ri 



wherein X is a leaving group such as chloro, bromo, iodo, an aryl sulfonyloxy group such as p-toluenesulfonyloxy, an 
alkyl sulfonyloxy group such as methanesulfonyloxy, a substituted alky] sulfonyloxy group, preferably a perfiuoroal- 
kanesulfonyloxy group such as trifluoromethanesulfonyloxy, a nitro substituted aryl sulfonyloxy group such as p-ni- 
trobenzenesulfonyloxy, or fluorosulfonyloxy as taught by Bisacchi et al. in U.S. Patent 5,064,961 and European Patent 
Application 579,421. For example, when X is a perfluoroalkane sulfonyloxy group, the cyclobutanol of formula VIII is 
treated with the perfluoroalkanesulfonic anhydride such as trifluoromethanesulfonic anhydride in an inert solvent such 
as dichloromethane in the presence of a base such as pyridine. When X is a nitro-substituted aryl sulfonyloxy group 
as p-nitrobenzenesulfonyloxy, the cyclobutanol of formula VI 1 1 is reacted with a nitro-substituted aryl sulfonating reagent 
such as p-nitrobenzenesulfonyl chloride in pyridine or in an inert solvent such as dichloromethane or chloroform con- 
taining a base such as pyridine or triethylamine. When X is fluorosulfonyloxy, the cyclobutanol of formula VIII is reacted 
with fluorosulfonic anhydride in pyridine or in an inert solvent such as dichloromethane or chloroform containing a base 
such as pyridine or triethylamine. 

The optically active compound of formula IX can then be treated with a protected guanine such as 2-amino-6-ben- 
zyloxypurine, 2-amino-6-methoxyethoxypurine, 2-amino-6-ch!oropurine as taught by Bisacchi et al. in U.S. Patent 
5,064,961 to give the optically active compound of the formula 



(X) 




wherein Rs is a group which can be converted into a 6-oxo-substituent such as a protected hydroxy or a chloro. Removal 
of the R, protecting groups and conversion of R s to a 6-oxo gives the desired antiviral agent [1 R-(1 a,2p,3a)]-2-amino- 
9-[2,3-bis(hydroxymethyl)cycIobutyl]-1,9-dihydro-6H-purin-6-one. In the preferred embodiment of U.S. Patent 
5,064,961, Example 1, the R, groups are benzoyl and R 3 is benzyloxy and the intermediate of formula X is treated 
with a solution of sodium methoxide in methanol to remove the R, benzoyl groups and then treated with hydrochloric 



EP 0 736 533 A1 



acid in aqueous methanol to remove the 6-benzyl protecting group and give the desired product. 

An alternate procedure for converting the optically active intermediate of formula IX to the desired antiviral agent 
is taught by Bisacchi et al. in European Patent Application 579,421 . In this procedure, the intermediate of formula IX 
is treated with a purine salt of the formula 

(XI) 




wherein Y, is iodo, bromo or chloro and f\, R 7 , R 8 and R 9 are independently straight or branched chain alkyl of 1 to 
10 carbons or substituted alkyl of 1 to 10 carbons wherein said substituent is selected from alkoxy of 1 to 6 carbons 
and aryl, to give the optically active compound of the formula 



(XII) 




H ^CH 2 0-Ri 



Removal of the R, protecting groups and conversion of Y, to a 6-oxo yields the desired antiviral agent [1R-(1a,2p, 
3a)]-2-amino-9-[2,3-bis(hydroxymethyl)-cyclobutyl] -1 ,9-dihydro-6H-purin-6-one. In the preferred embodiment of Eu- 
ropean Patent Application 579,421, the purine salt of formula XI is 6-iodo-9H-purin-2-amine, ion (1-), triethyl(phenyl- 
methyl)ammonium (1:1) salt of 6-iodo-9H-purin-2-amine, ion (1-), tetrabutylammonium (1:1) salt, R, is benzoyl, and 
the intermediate of formula XII is treated with a solution of sodium methoxide in methanol to remove the R, protecting 
groups and convert the 6-iodo to a 6-methoxy followed by treatment with hydrochloric acid to convert the 6-methoxy 
to a 6-oxo. 

The following example is illustative of the invention. 
Example 1 

(2S-trans)-2.3-Bis|(benzovloxv)methvHcvclobutanone 

a) (1S-trans)-3-Hvdroxv-1,2,3-cvclopropanetrimethanol, a 1 , gg-dibenzoate 

Water (9.6 ml) was added to a solution of (1 R-trans)-3-methylene-1 ,2-cyclopropanedimethanol, dibenzoate in ac- 
etone (80 ml) at room temperature under an argon atmosphere. To the resulting solution was added a 60 weight percent 
aqueous solution of 4-methylmorpholine N-oxide (8.1 ml, about 9.15 g. of solution containing about 5.49 g of 4-meth- 
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ylmorpholine N-oxide, 46.87 mmole) followed by a 4% aqueous solution osmium tetroxide (0.98 ml, about 0. 1 54 mmole, 
0.005 eq., 0.5 mole%). The resulting mixture was stirred at room temperature under argon in the dark. The reaction 
was monitored by TLC analysis. After stirring at room temperature for 22 hours, water (1 5 ml) was added, followed by 
sodium metabisulfite (8.0 g, 42.08 mmole). After stirring for about 10 minutes, magnesium silicate (6 g) was added. 

s After stirring for about 15 minutes, the resulting mixture was filtered through a bed of magnesium silicate (18 g) and 
the filter bed was thoroughly washed with acetone and ethyl acetate. The filtrate was partially concentrated and addi- 
tional ethyl acetate was added (final volume about 400 ml). The resulting solution was washed with water 1 N hydro- 
chloric acid (5:2, 70 ml), 1 N hydrochloric acid (3 x 50 ml), 1N sodium bicarbonate (50 ml) and brine. After drying over 
magnesium sulfate, the solvent was removed at reduced pressure to give the desired product as a pale yellow solid 

10 which was dried under vacuum (11.05 g). 

b) (1 S,2S)-5-Methoxv-5-methvl-4,6-dioxaspiro-[2.41heptane-1 ,2-dimethanol, dibenzoate 

To a suspension of the product from part (a) (1 .07 g, 3.0 mmole) in anhydrous toluene (1 0 ml) at room temperature 
'« under argon was added trimethyl orthoacetate (0.57 ml, 4.5 mmole, 1 .5 eq.) and pyridinium p-toluenesulfonate (11 .5 
mg, 0.046 mmole, 1.52 mole %). The resulting suspension was stirred at room temperature for 70 minutes, a clear 
solution was obtained after about 30 minutes. The resulting mixture was concentrated at reduced pressure to give 
crude (1S,2S)-5-methoxy-5-methyl-4,6-dioxaspiro-[2.4]heptane-1,2-dimethanol, dibenzoate as a nearly colorless oil. 

2" c)(2S-trans)-2,3-Bisf(benzovloxvi methvl1-cvclobutanone 

Tho orudo product from part (b) was dissolved in anhydrous dichloromethane (10 ml). After cooling to about 0°C 
(ice bath), boron trrffuorida etherate (40 uJ, 0.325 mmol, 0.108 eq.) was added. After stirring at about 0"C for one hour, 
the reaction mixture was diluted with ethyl acetate. The resulting solution was washed with 1N hydrochloric acid, 1 N 

25 sodium bicarbonate, and brine. After drying over magnesium sulfate, the solvent was removed at reduced pressure to 
give 960 mg of crude product as a colorless solid. 

This crude product was dissolved with heating in 2-propanol (5 ml). After cooling to room temperature, the mixture 
was placed in a refrigerator (about 4°C). After standing in the cold for 4 hours, ice cold 2-propanol (5 ml) was added 
so as to obtain a pourable mixture. The product was collected by filtration, washed with ice cold 2-propanol, and dried 

30 under vacuum to givo 890 mg of pure (2S-trans)-2,3-bis[(benzoyloxy)methyl]cyclobutanone as a colorless, fluffly solid. 
TLC (silica gel, ethyl ether: hexane (6:4) R, = 0.32; (silica gel, toluene: ethyl ether, 84:16) R, = 0.41 . 



Claims 



1 . A process for preparing the optically active cyclobutanone of the formula 



45 




so 



wherein R, is a hydroxy protecting group which comprises: 



a) oxidizing the optically active 3-methylene compound of the formula 



55 



7 
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with osmium tetroxide to give the optically active diol of the formula 



HQ^ ^CHj-OH 




b) converting the diol product from step (a) to the cyclic orthoester of the formula 




by treating the product from step (a) with a trimethyl ortriethyl orthoester of the formula 
R 4 -C-(0-R 3 ) 3 

in the presence of a weak acid catalyst wherein Rj is methyl or ethyl and is straight or branched chain alkyl 
of 1 to 6 carbons or phenyl; and 

c) treating the cyclic orthoester product from step (b) with a Lewis acid catalyst to give the desired optically 
active cyclobutanone. 



The process of Claim 1 wherein the osmium tetroxide in step (a) is employed in catalytic amounts by including 
4-methylmorpholine, N-oxide as a cooxidant; the trimethyl or Methyl orthoester in step(b) is trimethyl orthoacetate; 
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the weak acid catalyst is step (b) is pyridium p-toluenesulfonate; and the Lewis acid catalyst in step (c) is boron 
trifluoride etherate, trimethylsilyl trifluoromethanesulfonate, boron trichloride, boron tribromide, diethylaluminum 
chloride, ethylaluminum dichloride, aluminum trichloride, titanium tetrachloride, tin tetrachloride, or tin trichloride. 

The process of Claim 1 or 2 wherein the Lewis acid catalyst in step (c) is boron trifluoride etherate. 

A process for preparing the optically active cyclobutanone of the formula 




a) oxidizing the optically active 3-methylene compound of the formula 




with an aqueous solution containing a catalytic amount of osmium tetroxidB and 4-methylmorpholine N-oxide 
as cooxidant to give the optically active diol of the formula 




b) converting the diol product from step (a) to the cyclic orthoester of the formula 
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by treating the product from step (a) with trimethy I orthoacetate in the presence ot pyridium p-toluenesulfonate; 
and 

c) treating the cyclic orthoester product from step (b) with boron trifluoride etherate to give the desired optically 



5. A process for preparing the antiviral agent [1 R-(1 a,2p,3a)]-2-amino-9-[2,3-bis(hydroxymethyl)cyclobutyl]-1 ,9-di- 
hydrc-6H-purine-6-one which comprises: 

a) oxidizing the optically active 3-methylsne compound of the formula 




Ri~OH 2 cT H « CH 2 0-Ri 

wherein is a hydroxy protecting group with osmium tetroxide to give the optically active diol of the formula 
HQ^ ^CH 2 -OH 




^ \ J ^CHzO-Ri 



Rl-OH 2 C v 

b) converting the diol product from step (a) to the cyclic orthoester of the formula 
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0R 3 




■CH 2 



Ri-OH 2 C 1 



H 



"CHjO-Ri 



by treating the product from step (a) with a trimethyl or triethyl orthoester of the formula 
R 4 -C-(0-R 3 ) 3 

in the presence of a weak acid catalyst wherein Rg is methyl or ethyl and R4 is straight or branched chain alkyl 
or 1 to 6 carbons or phenyl; 

c) treating the cyclic orthoester product from step (b) with a Lewis acid catalyst to give the optically active 
cyclobutanone of the formula 



d) treating the optically active cyclobutanone product from step (c) with a reducing agent to give the optically 
active cyclobutanol of the formula 




IT 



'CHjO-Rj 




H 



CH 2 0-R! 



e) converting the optically active cyclobutanol product from step (d) to the optically active cyclobutane com- 
pound of the formula 
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H 2 




wherein X is a leaving group; 

1) reacting the product from step (e) with the purine of the formula 




to give the optically active compound of the formula 




wherein R 5 is a group which can be converted into a 6-oxo substituent; and 

g) treating the product step (f) to remove the R-, hydroxy protecting groups and to convert the Rs group to a 
6-oxo. 

A process for preparing the antiviral agent [1R-(1a,2|3,3a)]-2-amino-9-[2,3-bis(hydroxymethyl)cyclobutyl]-1,9-di- 
hydro-6H-purin-6-one which comprises: 

a) oxidizing the optically active 3-methylene compound of the formula 



12 
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with osmium tetroxide tc 
HO^ ^CHj-OH 



Rl-OH 2 C^ 

wherein R, is a hydroxy protecting group with osmium tetroxide to give the optically active diol of the formula 



b) converting the diol product from step (a) to the cyclic orthoester of the formula 




by treating the product from step (a) with a trimethyl or triethyl orthoester of the formula 
R 4 -C-(0-R 3 )3 

in the presence of a weak acid catalyst wherein Rg is methyl or ethyl and R 4 is straight or branched chain alkyl 
of 1 to 6 carbons or phenyl; 

c) treating the cyclic orthoester product from step (b) with a Lewis acid catalyst to give the optically active 
cyclobutanone of the formula 



EP 0 736 533 A1 



Ri-OHjC^ 



c. 

IT ^CH 2 0-Ri 

d) treating the optically active cyclobutanone product from step (c) with a reducing agent tc 
active cyclobutanol of the formula 



Ri-OH 2 < 



e) converting the optically active cyclobutanol product from step (d) to the optically active cyctobutane com- 
pound of the formula 



H 2 

Rl-OH 2 C^ 



H 'CHjO-R 1 



wherein X is a leaving group; 

f) reacting the product from step (e) with the purine salt of the formula 




wherein is iodo, bromo or chloro and R 6 , R 7 , R 6 and R 9 are independently selected from the group consisti 
of straight or branched chain alkyl of 1 to 10 carbons or substituted alkyl of 1 to 10 carbons wherein s; 



14 
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substituent is alkoxy of 1 to 6 carbons or aryl, to give the optically active compound of the formula 




and 

g) treating the product step (f) to remove the R, hydroxy protecting groups and to convert the Y n group to a 
6-oxo. 

A compound of the formula 

HQ^ ^CHz-OH 




wherein R, is t-butyldimethylsilyl, t-butyldiphenylsilyl, (triphenylmethyl)dimethylsilyl, methyldiisopropylsilyl, triiso- 
propylsilyl, benzyl, p-methoxybenzyl, triphenylmetriyl, 4-methoxy substituted triphenylmethyl, 4,4-dimethoxy sub- 
stituted triphenylmethyl, or 

0 

R 2 — C . 

and R 2 is straight or branched chain alkyl of 1 to 6 carbons or phenyl. 

The compound of Claim 7, (1S-trans)-3-hydroxy-1,2,3-cyclopropanetrimethanol, a 1 , aVdibenzoate. 

A compound of the formula 



15 
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wherein R, is t-butyldimethylsilyl, t-butyldiphenylsilyl, (triphenylmethyljdimethylsilyl, methyldiisopropylsilyl, triiso- 
propylsilyl, benzyl, p-methoxybenzyl, triphenylmathyl, 4-methoxy substituted triphenylmethyl, 4,4-dimethoxy sub- 
situted triphenylmethyl, or 




R 2 is straight or branched chain alkyl of 1 to 6 carbons or phenyl; 
R 3 is methyl or ethyl; and 

R 4 is straight or branched chain alkyl of 1 to 6 carbons or phenyl. 
10. The compound of Claim 9, (1S,2S)-5-methoxy-5-methyl-4,6-dioxaspiro[2.4]heptane-1,2-dimethanol, dibenzoate. 
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